Physical vapor deposition (PVD)
The physical vapor deposition technique is based on the formation of vapor of the material to be deposited as a thin film. The material in solid form is either heated until evaporation (thermal evaporation) or sputtered by ions (sputtering). In the last case, ions are generated by a plasma discharge usually within an inert gas (argon). It is also possible to bombard the sample with an ion beam from an external ion source. This allows to vary the energy and intensity of ions reaching the target surface. From kinetic theory the mean free path relates to the total pressure as:
Since the thickness of the deposited film, t, is proportional To the cos β, the ratio of the film thickness shown in the Figure on the right with θ = 0°is given as:
Physical vapor deposition (PVD): sputtering 
Choice of materials

Limited
Almost unlimited
Purity
Better (no gas inclusions, very high vacuum)
Possibility of incorporating impurities (low-medium vacuum range)
Substrate heating
Very low Unless magnetron is used substrate heating can be substantial
Surface damage
Very low, with e-beam x-ray damage is possible
Ionic bombardment damage
In-situ cleaning
Not an option Easily done with a sputter etch
Alloy compositions, stochiometry
Little or no control Alloy composition can be tightly controlled
X-ray damage
Only with e-beam evaporation Radiation and particle damage is possible
Changes in source material
Easy Expensive
Decomposition of material
High Low
Scaling-up
Difficult Good
Uniformity
Difficult
Easy over large areas
Capital Equipment
Low cost More expensive
Number of depositions
Only one deposition per charge Many depositions can be carried out per target
Thickness control
Not easy to control Several controls possible Gas cluster ions consist of many atoms or molecules weakly bound to each other and sharing a common electrical charge. As in the case of monomer ions, beams of cluster ions can propagate under vacuum and the energies of the ions can be controlled using acceleration voltages. A cluster ion has much larger mass and momentum with lower energy per atom than a monomer ion carrying the same total energy. Upon impact on solid surfaces, cluster ions depart all their energy to an extremely shallow region of the surface. Sputtered material is forced sideways and produces highly lateral sputtering yields. These sputtering properties are unique to gas cluster ions and produce smoother surfaces. Also individual atoms can be ionized and lead to ion plating (see figure on the right, example coating : very hard TiN) 
Adhesion
Often poor Excellent
Shadowing effect
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LPCVD for Si Technology
Chemical vapor deposition (CVD): step coverage
Step coverage, two factors are important Mean free path and surface migration i.e. P and T Mean free path: λ = Table 3 .10 Review of CVD processes
Stress in thin film deposition
Most films, when deposited, are stressed with respect to the substrate Thermal mismatch stress arises when the deposition is performed at a temperature different from room temperature difference in thermal expansion coefficients of the film and the substrate will lead to stress obviously as the deposition temperature increases, the magnitude of the stress increases
Intrinsic stress is the stress that arises during deposition process due to the nature of the process itself There are at least three common sources of intrinsic stress:
chemical reactions during the deposition process Ti deposition in poor vacuums can develop compressive stress due to continued oxidation beneath the surface microstructure and defects densification of (microscopic) vacancies and (macroscopic) voids will generate tensile stresses; these can be very large particle bombardment implantation of ions or energetic neutrals lead to compressive stress in the layer due to interstitials
The magnitude of the net intrinsic stress will be very sensitive to the details of the deposition process ⇒ introduce chemically reactive species into a reactor ⇒ diffusion of the reactants to the surface ⇒ adsorption of the reactants onto the surface ⇒ reaction at the surface to form the solid ⇒ desorption of the reaction products from the surface ⇒ diffusion of the reaction products away from the surface ⇒ transport of the reaction products out of the reactor
General characteristics of CVD
All CVD reactions follow the same generic elementary processes seen earlier in etching reactions:
The final deposition rate will be determined by the slowest one of these processes (the "rate limiting step")
Generic CVD reactions (an abbreviated list) pyrolysis: SiH 4 (g) → Si(s) + 2H 2 (g) reduction: SiCl 4 (g) + 2H 2 (g) → Si(s) + 4HCl (g) oxidation: SiH 4 (g) + O 2 (g) → SiO 2 (s) + 2H 2 (g) nitride formation: 3SiH 4 (g) + 4NH 3 → Si 3 N 4 (s) + 12H 2 (g) carbide formation: TiCl 4 (g) + CH 4 (g) → TiC(s) + 4HCl(g) organometallic reaction: (CH 3 ) 3 Ga(g) + AsH 3 (g) → GaAs(s) + 3CH 4 (g) chemical transport reaction: 6GaAs(s) + 6HCl(g) ↔ As 4 (g) + As 2 (g) + GaCl(g) + 3H 2 (g)
T 2 T 1 >T 2 creates gas-phase species; lowering the temperature downstream reverses the reaction and deposits GaAs
The LCVD method is able to fabricate continuous thin rods and fibres by pulling the substrate away from the stationary laser focus at the linear growth speed of the material while keeping the laser focus on the rod tip, as shown in the Figure . LCVD was first demonstrated for carbon and silicon rods. However, fibres were able to grown from hundreds of substrates including silicon, carbon, boron, oxides, nitrides, carbides, borides, and metals such as aluminium. The LCVD process can operate at low and high chamber pressures. The growth rate is normally less than 100 µm/s at low chamber pressure (<<1 bar). At high chamber pressure (>1 bar), high growth rate (>1.1 mm/s) has been achieved for small-diameter (< 20 µm) amorphous boron fibres. Deposition on insulators (e.g. plastics): seed surface with SnCl 2 /HCl 1. Zn(s) + Cu 2+ (aq) ------> Zn 2+ (aq) + Cu(s) 2. Reduction (cathode reaction) :
Chemical vapor deposition (CVD) : L-CVD
Ni +2 + 2e --> Ni Oxidation (anode reaction): 
4. Repeat (1) and (2) Electrochemical deposition :electrodeposition-kinetics-activation control At equilibrium the exchange current density is given by:
The reaction polarization is then given by:
The measurable current density is then given by:
For large enough overpotential:
Electrochemical deposition :electrodeposition-kinetics-diffusion control 
RT )
From activation control to diffusion control:
Concentration difference leads to another overpotential i.e. concentration polarization:
Using Faraday's law we may write also:
At a certain potential C x=0 =0 and then:
C x=0 C ∞ 0 = 1-i i l we get :
Electrochemical deposition :electrodeposition-non-linear diffusion effects δ δ δ δ = = = = π π π πD 0 t ( ( An electrode with a size comparable to the thickness of the diffusion layer
The Cottrell equation is the current-vs.-time on an electrode after a potential step:
For micro-electrodes it needs correction :
